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STANDARDIZATION  OF  CEEIC  SULFATE  SOLUTIONS 
WITH  U3O3 

In  the  extended  use  of  standard  eerie  sulfate  solutions  for  redox 
titrations,  particularly  of  uranium,  in  this  laboratory,  the  solutions 
have  been  standardized  with  arsenious  oxide.  On  the  whole,  these  stand- 
ardizations have  not  been  entirely  satisfactory,  inasmuch  as  values  con- 
sistent to  the  desired  degree  are  often  not  obtained  in  a  single  set  of 
standardizations,  necessitating  repeated  standardizations  to  determine 
the  exact  concentration  of  the  solution.  It  is  recognized  that  the  use 
of  an  ordinary  analytical  balance  contributes  a  weighing  error  to  this 
method  in  the  order  of  0.1$  which  limits  the  precision  of  the  results. 
One  of  the  best  methods  available  to  decrease  the  weighing  error  in  a 
standardization  is  to  use  a  chemical  with  a  larger  equivalent  weight. 
For  the  standardization  of  eerie  sulfate,  the  use  of  iron  wire  or  Mohr's 
Salt  are  possibilities,  but  the  weighing  problem  is  not  improved  with 
iron  wire,  and  Mohr's  Salt  requires  the  use  of  a  hygrostat  to  insure  a 
definite  composition. 

The  use  of  black  oxide  of  uranium,  U0O3,  as  a  new  standard  for  eerie 
sulfate  suggested  itself  because  it  has  a  large  equivalent  weight,  nearly 
three  times  that  of  arsenious  oxide,  and  because  it  is  readily  available 
in  a  high  state  of  purity,  as  sample  MS-ST  (99.95$  UoOg).  Another  fac- 
tor in  favor  of  black  oxide  as  a  standard  in  cases  where  the  eerie  sul- 
fate is  used  in  the  analysis  of  uranium  compounds  is  that  the  titration 
and  end  point  in  the  standardization  are  the  same  as  the  titration  and 
end  point  in  actual  use  of  the  solution.  For  these  reasons,  the  feasi- 
bility of  standardizing  eerie  sulfate  against  black  oxide  was  investigat- 
ed. 
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Exp  er  iment  al : 

A  comparison  of  the  standardization  values  obtained  with  AS2O0  and 
purified  U3O3  was  made  on  five  different  solutions  of  eerie  sulfate.  The 
method  of  standardization  with  AS2O0  was  that  described  by  Willard  and 
Furman  (l).  The  standardization  with  UoOg  requires  a  solution  in  which 
the  oxide  is  dissolved  completely.  Since  uranous  sulfate  is  fairly  in- 
soluble, the  addition  of  an  oxidizing  agent  is  required  for  the  prepara- 
tion of  the  solution.  Nitric  acid  is  usually  used  with  sulfuric  acid 
for  dissolving  UoOg,  but  considerable  time  is  required  to  remove  the 
nitrate  by  fuming  before  the  solution  can  be  titrated.  Three  other  oxi- 
dizing agents,  eerie  sulfate,  hydrogen  peroxide,  and  ammonium  persulfate, 
were  investigated.  When  hydrogen  peroxide  was  used  as  the  oxidizing 
agent,  the  excess  hydrogen  peroxide  was  destroyed  by  the  addition  of 
potassium  permanganate  but  excess  ammonium  persulfate  was  eliminated  by 
simply  heating  the  solution. 

The  results  of  a  series  of  standardizations  on  these  5  separate  eerie 
sulfate  solutions  are  shown  in  Table  1.  Each  normality  shown  represents 
a  value  obtained  by  comparing  an  individual  weighed  sample  of  either 
AS2O3  or  U^Og  with  a  portion  of  the  eerie  sulfate  solution. 

Table  1.  Summary  of  Normality  Values 


Ceric  Sulfate 

Solution  No.       Standard      Added  Oxidant     Normality  at  25°C 

1  As20o         0.083^0 

3  0.08318 

0.08316 

1  U0O0  Ce(S0i.)2  0.08295 

3  0.08276 

0.08287 


U0O0  Ce(S0h)2  0.08303 

0.08303 
0.08301 

U0O0  HNOo  O.O8323 

5   °  J  0.08319 

0.08322 
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Ceric  Sulfate 
Solution  No. 

Standard 

Added  Oxidant 

Normality  at  25°C 

2 

As203 

0.076^1 

0.0781+3 
0.078^2 

3 

As20o 

0.07688 
0.07691+ 
0.07687 

3 

u3o8 

H202 

O.O769I 
O.O769I 
0.07688 

h 

U3°8 

HN03 

0.07811 
0.07806 
0.07812 

k 

ASoOo 



0.07818 
0.07818 
0.0782U 

h 

As20o 



0.07812 
0.07813 
0.07813 

k 

u3°8 

H202 

0.07818 
0.07821 
0.07818 

k 

u3o8 

(N%)2S208 

0.07821 
0.07823 
0.07819 

5 

As20o 



0.08217 
0.08226 
0.08218 

u^o8 


(HHu)2So0fl 


0.08222 


Discussion: 

\ 
A  comparison  of  the  results  of  the  standardization  of  eerie  sulfate 

solutions  with  UoOg  and  with  arsenious  oxide  shows  that  the  black  oxide 
of  uranium  is  as  satisfactory  a  standard  as  arsenious  oxide  for  this 
purpose. 

The  lack  of  precision  that  is  sometimes  encountered  when  using  arse- 
nious oxide  is  illustrated  in  the  series  of  values  shown  for  solution 
No.  1.  The  use  of  U3O3  in  this  laboratory  has  practically  eliminated 
uncertain  results  of  this  type  even  when  the  solution  is  standardized 
by  different  operators.  The  investigation  showed  that  eerie  sulfate  is 
not  suitable  for  use  as  an  oxidant  to  facilitate  the  solution  of  black 
oxide  of  uranium,  1  but  both  hydrogen  peroxide  and  ammonium  persulf ate  are 
satisfactory.  The  need  for  fuming  the  samples  which  is  required  when 
nitric  acid  is  used,  is  eliminated  with  both  hydrogen  peroxide  and  am- 
monium per sulfate.  This  is  an  advantage  both  from  the  standpoint  of 
time  saved  and  also  because  there  is  always  a  possibility  of  loss  during 
the  fuming  operations.  Ammonium  persulf  ate  is  the  logical  choice  of  the 
two  satisfactory  oxidants  since  it  requires  less  time  to  remove  the 
excess  of  reagent. 

Reagents: 

U^Og.  This  sample  of  special  high  purity  was  prepared  by  the 

Mallinckrodt  Chemical  Works  for  the  Madison  Square  Area.  It 
is  identified  as  MS-ST,  99.95$  tUOg. 

Ammonium  Per sulfate,  A.R. 


Sulfuric  Acid,  1:1 
Sulfuric  Acid,  yjo   by  volume 
Recommended  Procedure  for  Standardization: 
Weigh  accurately  0.5  grams  of  pure  UoOg  into  a  hQQ  ml  beaker  covered 
with  a  watch  glass.  Add  20  ml  of  1:1  ILjSO^  and  2  grams  (HHj^ ) 2S2°8  an<3- 
heat  on  a  hot  plate  until  the  volume  is  about  15  ml.  Cool,  dilute  to 
75  ml  and  cool  to  room  temperature.  Prepare  a  Jones  reductor  for  use 
by  washing  with  5$  H2S(X  until  a  very  pale  green  color  is  produced  in 
100  ml  (after  passage  through  reductor)  upon  the  addition  of  one  drop 
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of  Ferroin  indicator  and  one  drop  0:9  CA08  N  eerie  sulfate  solution.  One 
100  ml  portion  of  5$  HpSO^  is  usually /sufficient.  Eeduce  the  uranium 
solutions  by  passing  through  a  Jones  reductor  (containing  about  175  g  of 
amalgamated  zinc),  at  about  30  ml  Ver   minute,  washing  with  three  30  ml 
portions  of  5$  HpSOi,.  and  two  30  ml  portions  of  distilled  water.  Bubble 
filtered  air  through  the  solution  for  ten  minutes,  add  50  ml  of  1:1 
HgiSOip  3  ml  HoPO^,  two  drops  of  Ferroin  indicator,  and  titrate  with  the 
eerie  sulfate  solution  to  a  green  end  point. 

Summary: 

A  procedure  is  described  for  the  standardization  of  eerie  sulfate 
solution  with  purified  black  oxide  of  uranium,  UoOq  (standard  sample 
MS-ST,  99.9%   UoOq).  When  eerie  sulfate  is  standardized  with  purified 
U0O0  the  effect  of  weighing  errors  is  decreased  and  a  greater  accuracy 
is  generally  obtained  than  in  the  standardization  with  arsenious  oxide. 
In  addition,  the  use  of  ammonium  persulfate  effects  a  saving  of  time 
over  the  normal  practice  of  dissolving  the  UoOg  in  Nitric  Acid. 

Reference: 

(l)  H.  H.  Willard  and  N.  H.  Furman,  Elementary  Quantitative  Analysis, 
D.  Van  Nostrand  Company,  Inc.,  New  York,  19^-0,  p.  255 
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